and colour features. Valiente-Gonzalez et al [15] designed a computer vision system for automated evaluation of the quality of corn lot. In many previous studies, the focus was on studying images of separated grains. But today, many image segmentation algorithms are introduced to separate touching grains.
Visen et al [16] devised an algorithm to separate the touching grain kernels. The algorithm consists of two steps. The first step identifies each object as either an isolate kernel or a cluster of touching kernels based on ellipse fitting. The second step separates the touching objects within a cluster based on detecting the curvature of the boundary. Wang and Paliwal [17] developed a morphological method based on watershed transform of the distance transform of the image to separate rice kernels. Over segments of the same object are rejoined to reduce the over segmentation by reconstructing the internal markers. Faessel and Courtois [18] devised an approach to separate rice kernels using the gap filling technique. The skeleton of the background of the image is determined resulting open lines. These lines are prolonged and the end points of the lines are connected if the distance between them is smaller than a specific threshold. Zhong et al [19] developed a novel segmentation algorithm based on watershed and concavities to separate slender particles like rice kernels. Using the concavity features, the over segmented objects are merged back to their original object. A split path is determined between the unsegmented objects. A supplementary criterion is applied to decide if the split line is accepted or not. Yan et al [20] devised a segmentation algorithm based on contour segments and ellipse fitting to segment six types of Korean grains. The contour of each object is divided into segments, and concave points are located on the segments. Two tools are used to decide if the contour segment is merged to the new image. These tools are distance measurement, and error deviation measurement. Qin et al [3] modified the watershed method to provide accurate segmentation of the corn. Distance transformed image is first processed using the extended maxima transform, then the binary image is determined, and then watershed is applied. Finally, touching corn kernels are separated into segments.
In this study, a computer vision system has been developed to classify the corn kernels based on their colour, texture, and shape features. To accomplish an accurate classification, a line profile segmentation algorithm is developed to separate the touching corn kernels.
Line Profile Segmentation Algorithm

Hypothesis
The hypotheses of developing the novel segmentation algorithm are: (1) the corn has an elliptical shape, (2) the touching between the corn kernels is one dimensional by using a separator to arrange the corn in a form of single lines of touching corn, and (3) due to the elliptical shape of the corn, every two touching corn kernels will have a concavity between them. 
Image Axis Line and Perpendicular Line
An RGB image is converted to binary using Otsu's method [21, 22] , to separate objects from the background. The black background in the binary image represents the illumination brightness in the RGB image, while the white objects are corn kernels, and marking 0 being black, 1 being white. Objects are extracted to individual images. An object image can be an isolated corn kernel or a group of two or more touching corns. In an object image, the centroid is determined, and axis line points are determined using the following equation:
(1)
where is the axis line when angle is , , is coordinates of any point on the axis line, 
where is a perpendicular line and represents the perpendicular line on the ' 'th axis line, , is coordinates of any point on the perpendicular line, and is the distance between the points in the perpendicular line (as shown in Figure1(c)).
Definition of Profile
The summation of pixel values along the perpendicular line ( ) is calculated as follow:
where is the sum of pixel values across the perpendicular line ( ). A profile is a set, and the set is comprised with the sum of pixel values of all perpendicular lines in an axis line inside the object image. Resolution of a profile is scaled by distance ( ).
where p is a profile, n represents the maximum number which contains perpendicular line inside the object image.
Establishment of Split Line
Since corn has an elliptical shape, a profile of an object can be a single nodule for isolated corn kernels or multi-nodule for two or more touching corns. A single profile cannot determine if the object is a single corn or multitude of corn kernels. Therefore, a series of profiles from different angles are obtained for an object image. The number of nodules is determined by calculating the highest peak for every nodule in the profile. Concavities between the peaks indicate concavities between the touching corns. Threshold determines if the concavity in the profile is possibly a concavity between the touching corn kernels in the object image. If the concavity point in the profile is equal or higher than the threshold, then the concavity can be selected as a possible split path. Searching for concavities is performed using the following equation:
where is a peak point in the profile, and is the location of the peak point in the profile. is the minimum point between the two peaks, and is the location of the minimum point between every two peaks. If the minimum point satisfies the previous condition, then the minimum point is saved in a vector ( ) to be compared to other concavity points obtained from all other profiles.
The first profile obtained is at angle =0. To determine more profile the angle increases using the following equation:
, Where, (6) where is the amount of increment in the angle.
When a new angle is calculated, a new axis line and line profiles are generated. Therefore, a new profile is obtained. Generation of profiles will stop when is equal to . The minimum value of all the concavity points saved in the vector is determined as the following equation:
where is the minimum point that represents the concavity in the object image between the touching corns, where a split line is created using angle and point location on the axis line information (as shown in Figure1).
Line Profile Segmentation Algorithm
The algorithm proposed in this work combined several image processing techniques. Before using line profile segmentation, image was firstly converted to binary by Otsu's method, then calculated centriod of an object image by Matlab (shown in Figure1a).
On the base of the above, the algorithm can be finished by the following procedure:
Step 1: Optimize parameters and ;
Step 2: According to equation (1), draw an axis line (as shown in Figure 1b );
Step 3: According to equation (2) and parameter , draw perpendicular line on an axis line (as shown in Figure 1c );
Step 4: According to equation (3) and equation (4), calculate the sum of pixel values across the perpendicular line and construct profile;
Step 5: Establish a curve by a set of profiles on an axis line (as shown in Figure 1d );
Step 6: According to equation (5), save concavity point ( ) in the curve into vector ( );
Step 7: According to equation (7), get the minimum point in the object image from vector ( ), that is the concavity in the object image between the touching corns.
Processing of segmentation using the method
Objects of the image are extracted to individual images. In every individual image a set of profiles is determined. These profiles indicate if the object in the object image is an isolated corn kernel or a group of touching corns using line profile segmentation. If the profiles of an object are uni-nodule profiles, then a flag value is set to zero to indicate this object is an isolated corn and the corn kernel is saved as an image. If any or some of the profiles of an object are multinodules profiles, then the flag is set to one to indicate that the object is a two or more touching corn, and line profile algorithm will repeat on the same object until all corns are separated from in that object image and the flag becomes zero (as shown in Figure 2 ). 
Experimental Design and Results
Experimental Method and Tool
This paper simultaneously adopts line profile (LP) and watershed (WS) segmentation algorithms to the same experimental materials and conditions. All the experimental images are acquired by a DFK 72BUC02 colour CMOS camera (2592×1944) with M12VM412 lens, the algorithms are implemented by Matlab.
Experimental Material
Three data sets of images were captured to verify and evaluate performance of the line profile segmentation. The first dataset is isolated corn (IC), where all the corns are separated from each other. The second dataset is designed pattern (DP), where corns are arranged in lines. The third dataset is random distributed (RD), in which the corns are randomly distributed on the imaging plate ( Figure 3) . Table 1 summarizes the description of the experimental data sets. The corns were placed on the imaging table in area of 10 inch × 8 inch. Nine designed pattern images and twenty random distributed images were captured and saved in a BMP format. A LP algorithm was developed, and a WS segmentation method was downloaded from the Internet. The two algorithms will be applied to each image in the datasets and segmentation result will be evaluated and compared. 
Parameters Optimization of LP Algorithm
For the optimization of LP algorithm, the designed pattern (DP) of images is applied to verify the three optimal thresholds. To validate the performance of the LP algorithm, the result of segmentation was compared to the results of WS method by using the isolated corn (IC), designed pattern (DP) and random distributed (RD).
The result of the segmentation of both patterns is recorded. The recoded results are the actual number of the corn, segmentation time in seconds, correct segments, missed segments or unsegmented corn, over-segmented, wrong segments (missed segments and over segmentation) and segmentation rate. The segmentation rate is a percentage of the number of correct segments to the total number of the corn.
where, is the segmentation rate, is the number of correct segments, and is the actual number of corn in the image.
Optimization steps
Two steps are applied to optimize the parameters of LP algorithm. The first step is to optimize the distance between two points on the axis line is a threshold ( ) to decide the distance between the perpendicular lines. The second optimization concerns finding the ultimate angle increment ( ). Both steps compare three different values of the threshold for accepting concavities ( ) at 5%, 15%, and 25% of the average length of the corn. Table 2 shows the optimization results for step 1, and Table 3 shows the optimization results for step 2. segmentation time and rate of .
Optimization of parameter
In step 1, the segmentation results using the threshold for accepting concavities ( ) shows close results in both segmentation time and segmentation rate during different distance range as shown in Figure 4a . From Figure 4b , when the accepting concavities threshold ( ) equals to 15% of the average length of the corn, the segmentation rate starts dropping when the distance ( ) between points on the axis line is larger than 7 and drops significantly when equals to 11. The segmentation time drops from distance threshold ( ) of 1 to 5 significantly then from distance threshold ( ) of 5 the segmentation time drop slightly with no significant difference. Running results is shown in Table 2 .
In step 2, Figure 5a shows that the segmentation results using the threshold for accepting concavities ( ) at 5%, 15%, and 25% of the average length of the corn shows no significant difference. Figure 5b shows the segmentation results using equal to 15% of the average length of the corn. The segmentation rate show steady performance at 100% segmentation rate from degree threshold ( ) equals to 1 until 9 degree, then drops slightly from ( ) of 12 degree, and then drops significantly from ( ) of 20 degrees comparing to 9 degree. The segmentation time drops significantly from ( ) of 1 degree to 5 degree. After 5 degree the time drops slightly.
Running results is shown in Table 3 . 
Comparison Between LP and WS Algorithms
Line profile segmentation (LP) and watershed (WS) were applied to three patterns of images to compare the segmentation results. The patterns are: isolated corn (IC), designed pattern (DP), and random distributed corn (RD). The line profile thresholds applied are: equals to 15% of the average length of the corn, distance threshold ( ) equals to 7, and angle increment degree ( ) equals to . The segmentation results are illustrated in table 4. Figure 6 shows a comparison between line profile and watershed method in segmentation rate and segmentation time. The LP segmentation successfully separates all the corn when it is applied to DP pattern and significantly higher than the segmentation rate of the watershed (WS) applied to the same pattern. Where the segmentation rate of LP is 100% and the segmentation rate of WS is 66.97% 13.5. Figure 7c shows that LP separates all the corn correctly, while Figure 7d illustrates that WS caused missed segments, and over segmentation. LP segmentation time is significantly lower than WS segmentation time. LP consumes 31.1 12.7 seconds, while WS consumes 45 3.3. At the RD pattern of corn, LP segmentation rate equals to 92.4% 2.1 is still significantly higher than the segmentation rate of WS at 85 2.7. Figure 7e shows that even though LP caused missed segments and over segmentation, but separated most of the corn correctly. Figure 7f shows that WS have caused multiple missed segments, and many over segmentation. The segmentation time of LP is significantly lower than WS, where the segmentation time of LP is 49.1 20.1 seconds, and 156 5.6 for WS.
Conclusions
A novel image segmentation algorithm is developed for splitting touching corn kernels based on profiles and concavities. It includes optimizing parameters, constructing profiles, seeking concavity points and getting a splitting path. The experimental results show that it provides a fast and accurate segmentation method for splitting touching corn kernels. Because the algorithm is faster and more accurate segmentation method, it is used to grains qualify classification on agricultural production. Meantime, it can be applicable not only to images of clustered corn kernels, but also to images of other particles in different sizes and shapes under hypothesis that objects are convex or nearly convex, e.g. rice kernels, soybean, and other similar crops images.
In the next research, we will improve efficiency and accuracy of the algorithm for service of agricultural production through improving image compression rate and reducing the amplitude of profiles.
